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(54) Electromagnetic valve actuator 

(57) An electromagnetic actuating system (ICQ; 
200: 300) having a valve member (12) is provided. This 
system can improve a response of movement of the 
valve member (12) while reducing power consumption 
of the system. The electromagnetic actuating system 
(ICQ: 200; 300) includes an armature (38) which moves 
with the valve member (12), an electromagnet (40. 48, 
42, 50) which attracts the armature (38) in a direction of 
movement of the valve member (12) by being supplied 
with a current, and a spring (28, 32) which presses the 
armature (38) away from the electromagnet (40. 48. 42. 
50). A permanent magnet (56, 58) which can exert a 
magnetic attracting force t>etween the armature (38) 
and the electromagnet (40, 48, 42. 50) is provided. A 
current controller (52, 54) supplies a release current to 
the electromagnet (40. 48, 42, 50) so that magnetic flux 
is generated in a direction opposite to a direction of 
magnetic flux generated by the permanent magnet (56, 
58) when the armature is released from the electromag- 
net. The valve member(12) functions as an intake valve 
or an exhaust valve of an internal combustion engine, 
and the current controller (52. 54) controls an amount of 
said release cunent in accordance with an operating 
state of the internal combustion engine. 
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Description 

BACKGROUN D OF THE iNVENTIQN 

1. Field of tiie Invention 

[0001] The present invention relates to an electro* 
magnetic actuating system, and particularly to an elec- 
tromagnetic actuating system which actuates a valve 
member by cooperation of an electromagnetic force 
generated by an electromagnet and a resilient force 
generated by a spring. 

2. Description of the Related Art 

[0002] Conventionally, a solenoid valve is known as 
disclosed in Japanese Laid-Open Patent Application 
No. 7-335437. The solenoid valve has a valve member 
which is movably guided in an axial direction. An arma- 
ture is connected to the valve member, and a pair of 
electromagnets are provided on respective sides of the 
armature. The armature is pressed toward a neutral 
position between the electromagnets by a pair of 
springs. When an exciting current is supplied to one of 
the electromagnets, an electromagnetic force is exerted 
on the armature in a direction toward that electromag- 
net. Thus, according to the above-rnentionecl solenoid 
valve, it is possible to actuate the valve member to be 
closed and opened by alternately supplying exciting 
cun-ents to the electromagnets. In such a solenoid 
valve, it is desired to actuate the valve member with a 
high response while reducing power consumption of the 
solenoid valve. 

SUMMARY OF THE INVENTION 

[0003] It is an object of the present invention to pro- 
vide an electromagnetic actuating system which can 
actuate a valve member with a high response while 
reducing power consunption of the system. 
[0004] The above-mentioned object of the present 
invention can be achieved by an electromagnetic actu- 
ating system, comprising: a valve member; an armature 
which moves with the valve member; an electromagnet 
which attracts the armature in a direction of movement 
of the valve memt)er by being supplied with a cunrent; a 
spring which presses the armature away from the elec- 
tromagnet; a permanent magnet which can ecert a 
magnetic attracting force between the armature and the 
electromagnet; and a current controller which supplies a 
release current to the electromagnet so that magnetic 
f iux is generated in a direction opposite to a direction of 
magnetic flux generated by the permanent magnet 
when the armature is released from the electromagnet. 
When the valve member functions as an intake valve or 
an exhaust valve of an internal combustion engine, the 
cunrent controller may control an amount of the release 
current in accordance with an operating state of the 
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internal combustion engine. 

[0005] In the invention, the permanent magnet can 
exert a magnetic attracting force between the armature 
and the electromagnet. Thus, a current which is 

5 required to be supplied to the electromagnet to attract 
the armature can be reduced. On the other hand, the 
magnetic attracting force generated by the permanent 
magnet acts on tiie armature against movement thereof 
when the armature is released from the electromagnet. 

10 The current controller supplies the release current to the 
electromagnet so that magnetic flux is generated in a 
direction opposite to a direction of magnetic flux gener- 
ated by the permanent magnet when the armature is 
released from the electromagnet. Thus, the magnetic 

15 attracting force against the movement of the armature 
can be reduced. Consequentiy, it is possible to improve 
a response of movement of the valve member. That is. 
it is possible to shorten a time which is required for the 
valve member to move from one of a fully closed posi- 

20 tion and a fully opened position to the other (hereinafter 
referred to as a valve transition time). 
[0006] In the invention, tiie valve transition time 
becomes smaller for a larger amount of the release cur- 
rent since the magnetic attracting force generated by 

25 tiie permanent magnet is reduced to a greater extent. 
On the other hand, as the amount of the release current 
becomes larger, tiie power consumption becomes 
greater Thus, tiie amount of the release current which 
achieves an optimum valve transition time is not identi- 

30 cal to the amount of the release current which mini- 
mizes the power consumption of the system. In the 
invention, the current controller controls the amount of 
the release current in accordance with the operating 
state of the internal combustion engine. Thus, accord- 

35 ing to the invention, it is possible to achieve a valve tran- 
sition time which is required in accordance with tiie 
operating state of the internal combustion engine while 
reducing the power consumption of the electromagnetic 
actuating system. When the valve member functions as 

40 the exhaust valve of the internal combustion engine, tiie 
electromagnet may attract the armature in a valve open- 
ing direction. 

[0007] In this invention, the exhaust valve is opened 
in a situation where a relatively high combustion pres- 

45 sure remains in a combustion chamber of tiie internal 
comtxjstion engine. Thus, a large electromagnetic force 
must be exerted on the armature in a valve opening 
direction so as to actuate the exhaust valve against tiie 
high pressure in the combustion chamber. According to 

50 tiie invention, since the permanent magnet can exert a 
magnetic attracting force between the armature and tiie 
electromagnet which attracts the armature in the valve 
opening direction, it is possible to reduce power con- 
sumption of the system when the valve member is actu- 

55 ated to be opened. 

[0008] When the valve member functions as the 
intake valve of tiie internal combustion engine, the elec- 
tromagnet may attract the armature in a valve closing 
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direction. In this invention, a time for which the intake 
valve is held in a fully closed position Is relatively long. 
Thus, electric power required to hold the intake valve in 
the fully closed position occupies a relatively large part 
of the total power consumption of the electromagnetic 5 
actuating system. According to the invention, since the 
permanent magnet can exert a magnetic attracting 
force between the armature and the electromagnet 
which attracts the armature in the valve closing direc- 
tion, it is possible to reduce power consumption of the 
system when the valve member is held in the fully 
closed position. 

[0009] Other objects and further features of the 
pr^ent invention will be apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 

FIG.1 is a diagram showing an electromagnetic 
actuating system of a first embodiment of the 
present invention; 

FIG;2A is a time chart showing a displacement of a 
valve member when the valve member moves from 
a fully closed position to a fully opened position; 
FIG52B is a time chart showing a release current 
supplied to an upper coil; 

FIG.2C is a time chart showing a magnetic force 
exert<kJ by an upper magnet on an armature; 
FIG.2D is a time chart showing an electromagnetic 
force exerted on the armature by the release cur- 
rent supplied to the upper coil; 
FIG.3 is a diagram showing a valve transition time 
and power consumption of the system against an 
amount of the release current; 
FIG.4 is a diagram showing an electromagnetic 
actuating system of a second embodiment of the 
present invention; 

FIG.5A is a time chart showing a displacement of 
the valve member when the valve merrier moves 
from the fully closed position to the fully opened 
position; 

FIG.5B is a time chart showing the release current 
and an attracting current supplied to the upper coil 
and a lower coil, respectively; 
FIG. 6 is a diagram showing power consumption of 
the electromagnetic actuating system of tiie 
present embodiment and a comparison structure 
with a distribution to the upper coil and the lower 
coil; arKl 

FIG.7 is a diagram showing an electromagnetic 
actuatinig system of a third embodiment of the 
present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0011] FIG.1 is a diagram showing an electromag- 
netic actuating system 100 according to a first embodi- 
ment of the present invention. As shown in FIQ1, the 
electromagnetic actuating system 100 has a valve 
member 12. In the present embodiment, the valve mem- 
ber 12 functions as an intake valve or an exhaust valve 
of an internal contxistion engine (hereinafter simply 
referred to as an engine). The valve member 12 is cfis- 
posed in a cylinder head 16 so that the valve member 
12 is exposed in a combustion chamber 14 of the 
engine. The cylinder head 16 is provided with a valve 
seat 1 8 which is associated witii tiie valve member 1 2. 
[0012] The valve member 12 has a valve shaft 20 
which extends upwardly in FIG.I. The valve shaft 20 is 
guided by a valve guide 22 so that the valve shaft 20 can 
nrK>ve in an axial direction. The valve guide 22 is sup- 
ported in the cylinder head 16. A lower retains 26 is 
fixed to an upper end part of the valve shaft 20. A lower 
spring 28 is disposed between the lower retainer 26 and 
a spring supporting surface 16a formed in tiie cylinder 
head 16. The lower spring 28 generates a resilient force 
vifhich press^ the valve member 12 via the lower 
retainer 26 in an upward direction, that is, in a valve 
closing direction. 

[0013] An armature shaft 30 is disposed coaxially 
with the valve shaft 20. The anmature shaft 30 is made 
of a non-magnetic material. A lower end face of tiie 
armature shaft 30 is in contact with an upper end face of 
tiie valve shaft 20. An upper retainer 32 is fixed to an 
upper end part of the armature shaft 30. A lower end of 
an upper spring 34 abuts on a top surtece of the upper 
retainer 32. An upper end of the upper spring 34 abuts 
on an upper cap 36 which is fixed to the cylinder head 
16. The upper spring 34 pushes the armature shaft 30 
via the upper retainer 32 in a downward direction. Thus, 
the upper spring 34 pushes the valve member 12 in a 
downward direction, that is, in a valve opening direction. 
[0014] An armature 38 is fixed to an outer circum- 
ferential surface of the armature shaft 30 at a substan- 
tially center position in an axial direction thereof. The 
armature 38 is an annular member which is made of a 
soft magnetic material. 

[0015] An upper core 40 is disposed above the 
armature 38, and a lower core 42 is disposed below the 
armature 38. Each of the upper core 40 and the lower 
core 42 is a sitetantially cylindrical member made of a 
magnetic material. The upper core 40 and the lower 
core 42 are provided with through holes 40a and 42a, 
respectively, which go though the center parts thereof. 
An upper bush 44 is disposed in an upper end part of 
the through hole 40a, and a lower bush 46 is disposed 
in a lower end part of the through hole 42a. The arma- 
ture shaft 30 extends through the through holes 40a, 
42a, and is guided by tiie upper bush 44 and tiie lower 
bush 46 so that the armature shaft 30 can move in the 
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axial direction. 

[0016] Annular recesses 40b and 42b are formed 
on feces of the ^3per core 40 and the lower core 42, 
respectively, facing the armature 38. An upper coil 48 
and a lower coil 50 are contained in the annular 
recesses 40b and 42b. respectively. 
[0017] The upper coil 48 and the lower coil 50 are 
electrically connected to an actuating circuit 52. The 
actuating circuit 52 supplies predetermined instruction 
currents to the upper coil 48 arxi the lower coil 50 in 
accordance with a control signal supplied from an elec- 
tronic control unit (hereinafter referred to as an ECU) 
54. 

[0018] A revolution sensor 55 is connected to the 
ECU 54. The revolution sensor 55 outputs a signal to 
the ECU 54 in accordance with a revolution speed of the 
engine (hereinafter referred to as an engine speed NE). 
The ECU 54 detects the engine speed NE based on the 
output signal of the revolution sensor 55. 
[001 9] The upper core 40 is provided with an annu- 
lar sfit 40c which extends from an upper face of the 
upper core 40 to an upper face of the annular recess 
40b. Similarly, the lower core 42 is provided with an 
annular silt 42c wNch extends from a lower face of the 
lower core 42 to a tK>ttom face of the annular recess 
42b. An upper magnet 56 and a lower magnet 58 are 
supported in the annular slits 40c and 42c, respectively. 
Each of the upper magnet 56 and the lowier magnet 58 
is a permanent magnet having an annular shape. The 
upper magnet 56 and the lower magnet 58 are radially 
magnetized so that, for the upper magnet 56. an inner 
side is an S pole and an outer side is an N pole, and, for 
the lower magnet 58. an inner side is an N pole and an 
outer side is an S pole, for example. According to such 
directions of magnetization, magnetic flux generated by 
the upper magnet 56 and magnetic flux generated by 
the lower magnet 58 go through the armature 38 in 
opposite directions to each other so that concentration 
of the flux is relaxed in the armature 38. Thus, a loss of 
electric power due to eddy currents can be reduced. 
[0020] Next, a description will be given of an opera- 
tion of the electromagnetic actuating system 100. 
[0021] When the armature 38 is in contact with the 
upper core 40, the magnetic flux generated by the upper 
magnet 56 goes through the upper core 40 and the 
armature 38. In such a situation, a magnetic attracting 
force is exerted between the armature 38 and the upper 
core 40. The upper magnet 56 is so constructed that the 
at)ove-mentioned magnetic attracting force is strong 
enough to maintain tiie armature 38 in contact with the 
upper core 40 against a resilient force of the upper 
spring 34. Thus, a state in which the armature 38 is in 
contact with the upper core 40 can be maintained witii- 
out energizing the upper coil 48. in this stale, the valve 
member 12 is seated on the valve seat 18. Hereinafter, 
a position of the armature 38 or the valve member 1 2 in 
a state where the armature 38 is in contact with tiie 
upper core 40 is referred to as a fully closed position of 



the armature 38 or the valve member 12. 
[0022] When the upper coil 48 is supplied with an 
instruction current which generates magnetic flux in a 
direction opposite to a direction of the magnetic flux 

5 generated by the upper magnet 56 in a state where the 
armature 38 is held in the fully closed position, tiie mag- 
netic attracting force exerted between the armature 38 
and tiie upper core 40 becomes smaller than the resil- 
ient force of tiie upper spring 34. Thus, the armature 38 

10 starts moving in a downward direction in FIG.1 by being 
pressed by tiie upper spring 34. 
[0023] When the armature 38 has reached a prede- 
termined position, the lower coil 50 is supplied with an 
instruction current which generates magnetic flux in the 

75 same direction as magnetic flux generated by the lower 
magnet 58. In this case, an attracting force which 
attracts the armature 38 toward the lower core 42. that 
is. an attracting force which actuates the valve member 
12 in a downward direction in FIG. 1 , is generated. 

20 [0024] When this atti-acting force is exerted on the 
armature 38, the armature 38 downwardly moves witii 
the valve member 12 against a resilient force of the 
lower spring 28. In this case, since the magnet flux gen- 
erated by the lower coil 50 and the magnet flux gener- 
is ated by the lower magnet 58 have the same direction as 
mentioned above, the attracting force which attracts the 
armature 38 toward the lower core 42 is increased by an 
extent corresponding to a magnitude of the magnetic 
flux generated by the lower magnet 58 when the arma- 

30 ture 38 comes dose to the lower core 42. The valve 
member 12 continues to move until tiie armature 38 
comes into contact with the lower core 42. Hereinafter, 
a position of tiie armature 38 or the valve member 12 In 
a state where the armature 38 is in contact with the 

35 lower core 42 is referred to as a fully opened position of 
the armature 38 or tiie valve member 12. 
[0025] When tiie armature 38 has reached the fully 
opened position, the lower coil 50 is de-energized. In 
this case, the attracting force generated by the lower coil 

40 50 vanishes and only the magnetic attracting force gen- 
erated by the lower magnet 58 is exerted between the 
armature 38 and the lower core 42. The lower magnet 
58 is so constructed that this magnetic atb^acting force is 
strong enough to maintain the armature 38 in contact 

45 with the lower core 42 against tiie resilient force of the 
lower spring 28. Thus, the valve member 12 and the 
armature 38 are maintained in the fully opened position 
after the lower coil 50 has been de-energized. 
[0026] When the lower coil 50 is siqsplied witii an 

50 instruction current which generates magnetic flux in a 
direction opposite to a direction of the magnetic flux 
generated by the lower magnet 56 in a state where the 
armature 38 is held in the fully opened position, the 
attracting force exerted between the armature 38 and 

55 the lower core 42 becomes smaller than the resilient 
force of the lower spring 28. Thus, the armature 38 
starts moving in an upward direction in FIG.1 by being 
pressed by the tower spring 28. 
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[0027] When the armature 38 has reached a prede- 
termined position, the upper coil 48 is supplied with an 
instruction current which generates magnetic flux in the 
same direction as the magnetic flux generated by the 
upper magnet 56. In this case, an attracting force which 
attracts the armature 38 toward the upper core 40, that 
is. an attracting force which actuates the valve member 
12 in an upward direction in FIG.1, is generated. 
[0028] When the above attracting force is exerted 
on the armature 38, the armature 38 upwardly moves 
with the valve member 12 against the resilient force of 
the upper spring 34. In this case, since the magnet flux 
generated by the upper coil 48 and the magnet flux gen- 
erated by the upper magnet 56 have tiie same direction 
as mentioned above, the attracting force which attracts 
the armature 38 toward the upper core 40 is increased 
by an extent corresponding to a magnitude of the mag- 
netic flux generated by tiie upper magnet 56 when the 
armature 38 comes cbse to tiie upper core 40. The 
valve member 12 continues to move until the armature 
38 comes into contact with the upper core 40, that is, 
until the valve member 12 and the armature 38 reach 
the fully closed position. The valve member 12 and the 
armature 38 can be maintained In the firily closed posi- 
tion after tiie upper coil 48 is de-energized, as men- 
tioned aBipve. 

[0029] Hereinafter, tiie instruction cunent which is 
supplied tortile upper coil 48 or tiie lower coil 50 for 
releasing the armature 38 from the fully closed position 
or the fully opened position (that is, the instruction cur- 
rent which' generates the magnetic flux in a direction 
which is opposite to the direction of the magnetic flux 
generated by the upper niagnet 56 or the lower magnet 
58) is refen-ed to as a release cun^ent. Additionally, the 
cun^ent which is supplied to the upper coil 48 or the 
lower coil 50 for attracting the armature 38 toward the 
fully closed position or the fully opened position (tiiat is, 
the instruction current which generates the magnetic 
flux in the same direction as tiie magnetic flux gener- 
ated by the upper magnet 56 or the lower magnet 58) is 
referred to as an attracting current. 
[0030] As described above, according to the elec- 
tromagnetic actuating system 100, it is possible to actu- 
ate tiie valve member 12 between tiie fully closed 
position and the fully opened position by supplying the 
attracting cun-ent and the release current to tiie upper 
coi! 48 and the lower coil 50 at proper timings. 
[0031] It should be noted tiiat tiie electromagnetic 
actuating system 100 is constructed so that a tappet 
clearance is formed between the armature shaft 30 and 
the valve shaft 20 in a state where the valve member 12 
and the armature 38 are held in the fully closed position, 
that is, in a state where the valve member 12 is seated 
on the valve seat 18 and the armature 38 is in contact 
with the upper core 40. According to this structure, the 
tappet clearance can absorb a change in a relative posi- 
tion of the valve shaft 20 and the armature shaft 30 due 
to a difference in a thermal expansion between tiie cyl- 



inder head 1 6 and the valve shaft 20 or wear of tiie valve 
seat 18 and the valve member 12. 
[0032] As mentioned alx)ve. the armature 38 can 
be maintained in tiie fully closed position or the fully 

5 opened position by the magnetic attracting force gener- 
ated by the upper magnet 56 or the lower magnet 58 
without a necessity of energizing the upper coil 48 or 
lower coil 50 in the present emlxxliment. Additionally, 
since tiie magnetic attracting force generated by tiie 

10 upper magnet 56 or tiie lower magnet 58 is exerted on 
the armature 38 when the armature 38 is actuated 
toward the folly closed position or the fully opened posi- 
tion, it is possible to reduce the attracting currents 
required to be supplied to tiie upper coil 48 and tiie 

IS lower coil 50. Thus, according to tiie present embodi- 
ment, it is possible to effectively reduce power con- 
sumption of tiie electromagnetic actuating system 100. 
[0033] However, when the valve member 12 starts 
moving from the fully closed position or the fully opened 

20 position, the magnetic atti-acting force generated by the 
upper magnet 56 or tiie lower magnet 58 acts against 
movement of tiie armature 38. Thus, if the upper mag- 
net 56 and tiie lower magnet 58 are simply provided, a 
time which is required for the valve member 12 to move 

25 between the fully closed position and the fully opened 
position (hereinafter referred to as a valve transit time) 
could be increased, resulting in a low response of tiie 
movement of the valve member. 
[0034] In the present embodiment, the attiracting 

30 forces generated by the upper magnet 56 and the lower 
magnet 58 can be quickly cancelled by supplying the 
release currents to the upper coil 48 and the lower coil 
50, respectively, when the valve member 12 starts mov- 
ing from the fully closed position and the fully opened 

35 position, respectively, as mentioned above. Thus, 
according to the present emtxxiiment. it is possible to 
prevent an attracting force from being exerted on the 
armature 38 against the movement thereof so that the 
valve member 12 can start moving from the folly closed 

40 position and the folly opened position with a high 
response. 

[0035] FIGS.2A to 2D are time charts showing a 
displacement of the valve member 12, a release current 
supplied to the upper coil 48, a magnetic attracting force 

45 exerted on the armature 38 by tiie upper magnet 56, 
and an electromagnetic force exerted on the armature 
38 by the upper coil 48 being supplied with tiie release 
current, respectively, when the valve memk>er 12 moves 
from the fully closed position to the fully opened posi- 

50 tion. 

[0036] As shown in FIG. 2A, the valve member 12 
starts moving at a time t1 , and, as shown in F1G.2C, the 
magnetic attracting force generated by thie upper mag- 
net 56 continues to be exerted between the armature 38 
55 and the upper core 40 after the armature 38 has been 
released from the upper core 40. In the preset emtxxii- 
ment. the release current continues to be supplied to 
tiie upper core 48 until a time t2 at which the valve mem- 
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ber 12 is spaced away from the upper core 40 such that 
the magnetic attracting force exerted by the upper mag- 
net 56 between the armature 38 and the upper core 40 
becomes sufficiently small. Thus, as can be seen from 
FIGS. 20 and 2D, the magnetic attracting force gener- 
ated by the upper magnet 56 is substantially cancelled 
by the electromagnetic force generated by the upper 
coil 48. As a result, the valve member 12 can move from 
the fully closed position toward the fully opened position 
with a high response. Srmilariy, the valve member 12 
can move from the fully opened position toward the fully 
closed position with a high response by the release cur- 
rent being supplied to the lower coil 50 after the arma- 
ture 38 is released from the lower core 42. 
[0037] As mentioned above, the attracting force can 
be prevented from being exerted on the armature 38 
against the movement thereof when the armature 38 
starts moving from the fully closed position or the fully 
opened position. Thus, according to the present embod- 
iment, it is possible to actuate the valve member 1 2 with 
a high response, that Is, to shorten the valve transit 
time. Additionally, since kinetic energy of the armature 
38 can be prevented from being lost by the magnetic 
attracting force generated by the upper magnet 56 or 
the lower magnet 58, it is unnecessary to increase the 
attracting current supplied to the opposite lower coil 50 
or the tpper coil 48 to compensate for the energy loss 
of the armature 38. Thus, power consumption of the 
electromagnetic actuating system 100 can be reduced. 
[0038] When an amount of the release current 
changes, the valve transit time of the valve member 12 
and power consumption of the electromagnetic actuat- 
ing system 100 also change. FIG. 3 is a diagram show- 
ing the valve transit time of the valve member 12 and the 
power consumption of the electromagnetic actuating 
system 100 against a change in the amount of tiie 
release cun-ent by a solid line and a dotte;d line, respec- 
tively. It should be noted tiiat the amount of the release 
current is a value obtained by integrating the release 
current. Thus, when at least one of a time during which 
the release current is supplied arKi a magnitude of the 
release current is changed, the amount of the release 
current is changed. 

[0039] As the amount of the release current 
becomes larger, the magnetic attracting current exerted 
on the armature 38 by the upper magnet 56 or the lower 
magnet 58 is cancelled to a larger extent. Thus, as 
shown in FIG.3, the valve transit time decreases as the 
amount of the release current increases. 
[0040] Additionally, when tiie amount of the release 
current to the upper coil 48 increases, power consump- 
tion of the system corresponding to the release current 
to the upper coil 48 increases. In this case, since the 
magnetic attracting force exerted by tfie upper magnet 
56 on the armature 38 is cancelled to a larger extent as 
mentioned above, the attracting current to be supplied 
to the lower coll 50 decreases. Thus, power consump- 
tion of the system corresponding to the attracting cur- 



rent to the lower coil 50 decreases. Similarly, when the 
amount of the release current to the lower coil 50 
increases, power consumption of the system corre- 
sponding to the release current to the lower coil 50 

5 increases and power consumption of the system corre- 
sponding to the atti'acting current to the upper coil 48 
decreases. In this way, the power consumption con-e- 
sponding to the release current and the power con- 
sumption con-esponding to the attracting current 

10 change In opposite directions when the amount of the 
release current changes. Thus, the total power con- 
sumption of the electromagnetic actuating system 100 
exhibits a minimum value when the amount of the 
release current is equal to a certain value M as indi- 

15 cated by the dotted line in FIG.3. 

[0041 ] As mentioned above, the valve transit time of 
the valve member 12 and the power consumption of the 
electromagnetic actuating system 100 change in 
accordance with a change in the amount of tiie release 

20 current. Thus, when the engine is operating with a high 
revolution speed exceeding a predetermined value, it is 
possible to actuate the valve rnember 12 with a high 
response by increasing the amount of the release cur- 
rent so that the valve transit time becomes small. On the 

25 other hand, when the engine is operating with a low rev- 
olution speed below the predetermined value, the valve 
member 12 need not be actuated with a high response. 
In this case, it Is possible to reduce the power consump- 
tion of the electromagnetic actuating system 100 by set- 

30 ting the amount of the release current to be the above- 
mentioned value M. 

[0042] As mentioned above, according to the 
present emtxxJiment, it is possible to improve tiie 
response of the movement of the valve member 12 by 

35 supplying the release current to the upper coil 48 or the 
lower coil 50 when the valve mennber 12 is moved from 
the fully closed position or the fully opened position. In 
this case, the response of the valve member 12 can be 
further improved by continuing to supply tiie release 

40 current after tiie valve member 12 has started moving 
from the fully closed position or the fully opened posi- 
tion. 

[0043] Additionally, the power consumption of the 
electromagnetic actuating system 100 can be changed 
45 in accordance with the amount of the release current. 
Thus, according to the present embodiment, it is possi- 
ble to achieve a high response of the movement of the 
valve member 12 when the engine Is operating with a 
high engine speed NE and to reduce the power con- 
so sumption of the electromagnetic actuating system 100 
when the engine is operating with a low engine speed 
NE. by changing the amount of the release current 
based on the engine speed NE. 
[0044] Next, a desaiption will be given of a second 
55 embodiment of the present invention. FIG.4 is a dia- 
gram showing an electromagnetic actuating system 200 
of the present embodiment. In FIG.4, parts which have 
the same functions as the parts shown in FIG.1 are 



NSDOCID: <EP 1010866A2 I > 



11 



EP1 010866A2 



12 



given the same reference numerals, and descriptions 
thereof will be omitted. 

[0045] As shown in FIQ.4. the electromagnetic 
actuating system 200 of the present embodiment Is 
achieved by omitting the upper magnet 56 in the electro- s 
magnetic actuating system 100 of the first embodiment. 
In the present embodiment, the valve member 12 func- 
tions as an exhaust valve of the engine. 
[0046] Generally, the exhaust valve is opened in a 
situation where a high combustion pressure remains in io 
the combustion chamber 14. Thus, the amount of the 
attracting current to be supplied to the lower coil 50 is 
relatively large since a sufficiently large electromagnet 
force must be exerted on the armature in the valve 
opening direction against the high pressure in the com- is 
bustion chamber 14 when the valve member 12 is actu- 
ated to be opened. For this reason, in the 
electromagnetic actuating system 200 of the present 
embodiment in which the valve element 1 2 functions as 
the exhaust valve, power consumption of the lower coil 20 
50 occupies a relatively large part of the total power 
consumption. 

[0047] In the present emtKXIiment. since only the 
lower magnet 58 is provided with the upper magnet 56 
being omitted, a magnetic attracting force can be pre- 25 
vented froni being exerted on the armature 38 against 
the movement thereof when the valve member 12 is 
actuated to be opened. Thus, since kinetic energy of the 
valve member 1 2 and the armature 38 is not lost by the 
magnetic attracting force, it is unnecessary to increase 30 
the attracting current to the lower coil 50 to compensate 
for the energy loss. Additionally, similar to a case of the 
electromagnetic actuating system 100 of the first 
embodiment, since the lower magnet 58 is provided to 
the lower core 42, tiie attracting current to be supplied 35 
to tiie lower coil 50 can be reduced by the magnetic 
attracting force exerted by the lower magnet 58 between 
the armature 38 and tfie lower core 42. Thus, according 
to the present embodiment, the power consumption of 
the electromagnetic actuating system 200 can be effec- 40 
tively reduced since the power consumption of the lower 
coil 50 which occupies a large part of the total power 
consumption of the system is reduced. 
[0048] Additionally, since the upper magnet 56 is 
omitted, it is possible to reduce tiie amount of the 45 
release current to be supplied to the upper coil 48 when 
the valve member 12 Is actuated from the fully closed 
position. Thus, the power consumption of tiie electro- 
magnetic actuating system 200 can be further saved. 
[0049] FIG.5A is a time chart showing displacement so 
of tiie valve member 12 which functions as the exhaust 
valve when the valve member 12 moves from the fully 
closed position to the fully opened position, and FIG.5B 
is a time chart instruction cun^ents supplied to the upper 
coils 48 and the lower coil 50 to achieve the displace- ss 
ment shown in FIG.5A. In FIGS. 5A and 5B. solid lines 
indicate a case of the electromagnetic actuating system 
200 of the present embodiment, and dotted lines indi- 



cate a case of a structure in which permanent magnets 
are provided to both the upper core 40 and the lower 
core 42 (that is. a structure of the electromagnetic actu- 
ating system 100 of the first embodiment; hereinafter 
referred to as a comparison structure). 
[0050] As shown in FIGS.5A and 5B. according to 
tiie electromagnetic actuating system 200. since no 
magnetic attracting force is exerted by a permanent 
magnet between the armature 38 and the upper core 
40. tiie valve element 12 moves in the valve qaening 
direction with a high response, and additionally, the 
release current to be supplied to the upper coll 48 is 
reduced, as compared to a case of the comparison 
structure. Additionally, since tiie valve member 12 
moves in the valve opening direction witii a high 
response as merrtioned above, tiie attracting current to 
be supplied to tine lower coll 50 so as to actuate the 
valve member 12 to the fully closed position is reduced 
as compared to tiie case of the comparison structure. 
[0051] FIG.6 is a diagram showing power consump- 
tion of the electi-omagnetic actuating system 200 and 
power consumption of the comparison structure with 
disti-ibutions to the upper coil 48 and the lower coil 50. 
As shown in FIG.6, the power consumption of tiie elec- 
tromagnetic achjating system 200 is reduced as com- 
pared to tiie comparison structure due to a decrease in 
the power consumption of the lower coil 50. Since the 
upper coil 48 must be energized to hold tiie valve mem- 
ber 1 2 in tiie fully closed position in the electromagnetic 
actuating system 200 while the valve member 1 2 can be 
held in the fully closed position without energizing the 
upper coil 48 in the comparison structure, the power 
consumption of tiie upper coil 48 of tiie electromagnetic 
actuating system 200 is slightly increased as compared 
to a case of the comparison structure. However, since 
the power consumption of the lower coil 50 which is suf- 
ficiently larger than the power consumption of the upper 
coil 48 is reduced, it is possible to effectively save tiie 
total power consumption of the electromagnetic actuat- 
ing system 200. 

[0052] Additionally, according to tiie electromag- 
netic actuating system 200 of tiie present embodiment, 
amounts of heat generated by the upper coil 48 and tiie 
lower coil 50 are balanced since the power consumption 
of the lower coil 50 is reduced. Thus, it is possible to 
alleviate a cooling performance which is required of a 
cooling system of the electromagnetic actuating system 
200. In this case, since maximum electric power which 
can be supplied to the coils is increased for a certain 
cooling performance of the cooling system, it is possible 
to operate tiie electromagnetic actuating system 200 in 
a situation where the engine operates with a higher load 
and a higher revolution speed. 

[0053] Furtiier. as mentioned witii referencie to tiie 
first embodiment, when the upper magnet 56 and the 
lower magnet 58 are provided to the upper core 40 and 
tiie lower core 42, respectively, the upper magnet 56 
and tiie lower magnet 58 must be magnetized in oppo- 
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site directions to each other so that the magnetic fluxes 
generated by these magnets go through the armature 
38 in opposite directions to each other. In this case, two 
kinds of permanent magnets are required. On the con- 
trary, in the present embodiment, since only the lower 
magnet 58 is provided, only one kind of a permanent 
magnet is required in the electromagnetic actuating sys- 
tem 200. Thus, according to the present embodiment, it 
is possible to reduce a cost of the electromagnetic actu- 
ating system 200. 

[0054] Next, a description will be given of a third 
embodiment of the present invention. FIG. 7 is a dia- 
gram showing an electromagnetic actuating system 300 
of the present embodiment In FIG. 7, parts which have 
the same functions as the parts shown in FIG.1 are 
given the same reference numerals, and descriptions 
thereof will be omitted. 

[0055] As shown in FIG.7, the electromagnetic 
actuating system 300 of the present emtxxJiment is 
achieved by omitting the lower magnet 58 in the electro- 
magnetic actuating system 100 of the first erTi>odiment. 
In the present embodiment, the valve member 12 func- 
tions as an intake valve of the engine. 
[0056] Generally, a time for which the intake valve is 
heki in the fully closed position is longer than a time for 
which the intake valve is opened. Additionally, since the 
tappet clearance is provided between the valve shaft 20 
and the armature shaft 30 in a state where the armature 
38 and the valve member 12 are held in the fully closed 
position, as mentioned in the first embodiment above, 
the resilient force of the lower spring 28 does not con- 
tribute to a force for holding the armature 38 in the fully 
closed position. Thus, an attracting force to be exerted 
on the armature 38 to hold the valve member 12 in the 
fully closed position is relatively large. On the other 
hand, when the intake valve is opened, a high combus- 
tion pressure does not remain in the combustion cham- 
ber 14, contrary to a case of the exhaust valve. For 
these reasons, in the electromagnetic actuating system 
300 in which the valve menri>er 12 functions as the 
intake valve, electric power which is required to hold the 
valve member 12 in the fully closed position occupies a 
relatively large part of the total power consumption. 
[0057] According to the present embodiment, since 
the upper magnet 56 is provided to the upper core 40. 
the amount of a current required to hold the armature 38 
in the fully closed position is reduced, and, thus, the 
power consumption of the upper coil 48 is suppressed. 
In partrcular, when a specific volume of air of the engine 
is small, a control is generally performed for holding 
some of the intake valves in the fully closed position. 
According to the electromagnetic actuating system 300, 
the above-mentioned control can be achieved without 
energizing the upper coil 48 since the upper magnet 56 
is provided. On the other hand, since a permanent mag- 
net is not provkied to the lower core 42. no magnetic 
attracting force is exerted by a permanent magnet 
between the armature 38 and the lower core 42 when 



the valve member 12 is actuated to be opened. Thus, 
power consumption of the tower coil 50 increases as 
compared to a case where the lower magnet 58 is pro- 
vided to the lower core 42. 

5 [0058] As mentioned above, in the electromagnetic 
actuating system 300 of the present embodiment, the 
power consumption of the upper coil 48 which occupies 
a relatively large part of the total power consumption of 
the system is reduced and the power consumption of 

10 the lower coii 50 which occupies a relatively small part 
of the total power consumption is increased. Thus, the 
amount of heat generated by the upper coil 48 and the 
amount of heat generated by the lower coil 50 are bal- 
anced. Consequently according to the present embodi- 
es ment, similar to the case of the electromagnetic 
actuating system 200 of the second embocfiment. it is 
possible to alleviate the cooling perfonnance of the 
cooling system of the electromagnetic actuating system 
300 and to operate the electromagnetic actuating sys- 

20 tem 300 in a situation where the engine operates with a 
higher load and a higher revolution speed. 
[0059] Additionally since a permanent magnet is 
not provided to the lower core 42. no magnetic attracting 
force is exerted between the armature 38 and the lower 

25 core 42 when the valve member 12 is moved from the 
fully opened position toward the fully closed position. 
Thus, according to the electromagnetic actuating sys- 
tem 300, it is possible to actuate the valve member 12 
from the fully opened position with a high response. 

30 [0060] Further, since only the upper magnet 56 is 
provided as a permanent magnet, only one kind of a 
permanent magnet is required in the electromagnetic 
actuating system 300, and thus, a cost of the system 
can be reduced, as in the case of the second embodi- 

35 ment. 

[0061] The present invention is not limited to these 
embodiments, but variations and modifications may be 
made without departing from the scope of the present 
invention. 

40 [0062] The present application is based on Japa- 
nese priority application No. 10-347405 filed on Decem- 
ber 7, 1998, the entire contents of which are hereby 
incorporated for reference. 

45 Claims 

1. An electromagnetic actuating system (100; 200: 
300), comprising: 

50 a valve member(1 2) ; 

an armature (38) which moves with said valve 
member(12); 

an electromagnet (40, 48, 42, 50) which 
attracts said armature (38) in a direction of 
55 movement of said valve member(12) by being 

supplied with a cinrent; 

a spring (28. 34) which presses said armature 
(38) away from said electromagnet (40. 48. 42. 



INSDOCID: <EP 1010866A2 I > 



15 



EP 1 010 866 A2 



16 



50); 

a permanent magnet (56, 58) which can exert a 
magnetic attracting force between said arma- 
ture (38) and said electromagnet (40, 48, 42, 
50); and s 
a current controller (52, 54) which supplies a 
release current to said electromagnet (40. 48. 
42, 50) so that magnetic flux is generated in a 
direction opposite to a direction of magnetic 
flux generated by said pernianent magnet (56, io 
58) when said armature (38) is released from 
said electromagnet (40, 48, 42, 50), 
characterized in that said valve member(12) 
functions as an intake valve or an exhaust 
valve of an internal combustion engine, and is 
said current controller (52. 54) controls an 
amount of said release current in accordance 
with an operating state of said internal combus- 
tion engine. 

20 

2. The electromagnetic actuating system as claimed 
in daim 1, characterized in that said operating state 
of the internal combustion engine is an engine 
speed. 

25 

3. The eledromagnetic actuating system as claimed 
in claim 2, characterized in that said current control- 
ler (521 $4) increases tiie amount of said release 
cunrent when the engine speed is greater than a 
predetermined value as compared to when the 30 
engine speed is smaller than the predetermined 
value. 

4. The electromagnetic actuating system (100; 200) 

as claimed in claim 1. characterized in that said 35 
valve member(12) functions as an exhaust valve of 
an internal combustion engine, and said eleclro- 
magnet (42, 50) attracts said armature (38) in a 
valve opening direction. 

40 

5. The electromagnetic actuating system (100; 300) 
as claimed in claim 1, characterized in that said 
valve member(12) functions as an intake valve of 
an internal combustion engine, and said electro- 
magnet (40, 48) attracts said armature (38) in a 4S 
vatve closing direction. 

6. An electromagnetic actuating system (100; 200; 
300) of an internal comtxjstion engine comprising: 

so 

a valve member (12); 

an armature (38) which moves with said valve 
member; 

a pair of electromagnets (40, 48, 42, 50) which 
attract said armature (38) in a valve-opening ss 
direction and a valve-closing direction, respec- 
tively; 

a spring (28, 34) which presses said armature 



(38) toward a neutral position between said 
electromagnets (40, 48, 42. 50); 
a permanent magnet (56, 58) which can exert a 
magnetic attracting force between said arma- 
ture (38) and at least one of said electromag- 
nets (40. 48, 42, 50); and 
a current controller (52, 54) which supplies a 
release current to said at least one of the elec- 
tromagnets (40, 48, 42, 50) SO that magnetic 
flux is generated in a direction opposite to a 
direction of magnetic flux generated by said 
permanent magnet (56, 58) when said arma- 
ture (38) is released from said at least one of 
the electromagnets (40. 48, 42, 50). 
characterized in that said valve member( 12) 
functions as an intake valve or an exhaust 
valve of an internal comtxistion engine, and 
said cunrent controller (52. 54) controls an 
amount of said release current in accordance 
with an operating state of said internal combus- 
tion engine. 

7. The electromagnetic actuating system as claimed 
in claim 6. characterized in that said operating state 
of the internal combustion engine is an engine 
^eed. 

8. The electromagnetic actuating system as claimed 
in claim 7, characterized in that said current control- 
ler (52, 54) increases the amount of said release 
current when the engine speed is greater than a 
predetermined value as compared to when the 
engine speed is smaller than the predetermined 
value. 

9. The electromagnetic actuating system (100, 200) 
as claimed in claim 6, characterized in that said 
valve member(12) functions as an exhaust valve of 
an intemal combustion engine, and said permanent 
magnet (58) is provided so as to correspond to one 
of said electromagnets (42. 50) which one attracts 
said armature (38) in a valve opening direction. 

10. The electromagnetic actuating system (100, 300) 
as claimed in claim 6, characterized in tiiat said 
valve member(12) functions as an intake valve of 
an internal combustion engine, and said permanent 
magnet (56) is provided so as to correspond to one 
of said electromagnets (40, 48) which one attracts 
said armature (38) in the valve closing direction. 

11. The electromagnetic actuating system (100) as 
claimed in claim 6, characterized in that said per- 
manent magnet (56, 58) is provided so as to corre- 
spond to each of said electromagnets (40, 48, 42, 
50), and one of tiie permanent magnets (56, 58) 
generates magnetic flux in a direction opposite to a 
direction of magnetic flux generated by tiie other 
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